INTRODUCTION
Recurrent pyogenic cholangitis (RPC) is typified by de novo intrahepatic duct (IHD) stones, bile duct strictures or dilatation, and recurrent attacks of cholangitis. It was first described by Digby 1 and named RPC in 1954. 2 RPC is also referred to as "Hong Kong disease," "Oriental cholangiohepatitis," "Oriental infestational cholangitis," and "biliary obstruction syndrome of the Chinese," suggesting that an incidence varies according to geographical location, occurring mostly in Asia. 3 However, as internationalization has progressed, understanding of the disease is also important in Western countries. RPC can be diagnosed when there are IHD stones, bile duct strictures or dilatation, and liver atrophy, accompanied by recurrent symptoms indicative of cholangitis, including fever, abdominal pain, and jaundice. 4 During its chronic course, multiple RPC-related complications can occur, such as acute cholangitis, liver abscesses, cirrhosis, and cholangiocarcinoma (CCA). 5, 6 Although RPC is a progressive disease that causes the variety of complications, 4, 5 there have been few studies regarding the natural course of RPC based on long-term follow-up data. In addition, although RPC is known to increase the risk of CCA, there are insufficient data to determine factors associated with CCA.
To manage and prevent long-term complications, including CCA, patients with RPC often need several surgical interventions during its course. Hepatic resection, bypass surgery, and liver transplantation can be considered surgical treatment modalities for RPC. 7 Hepatic resection is most widely used, and complete remission can be achieved in 64.0% to 84.4% of patients. However, postoperative complications, such as wound infection, bile leak, hernia, and multiorgan failure, occur in 17.5% to 40% of these patients, 4, 7, 8 emphasizing the need for thorough risk stratification and adequate patient selection. It is essential to understand RPC-related complications and identify high-risk patients who may need early surgical intervention. Therefore, this study aimed to investigate the natural course of RPC and identify factors related to CCA.
MATERIALS AND METHODS

Study subjects
This study enrolled patients with RPC who visited Seoul National University Hospital from January 2005 to December 2016. Characteristic imaging findings of RPC included IHD stones, strictures, and dilatation with or without liver atrophy based on ultrasonography (US), computed tomography (CT), and magnetic resonance imaging (MRI). Among 585 patients who were diagnosed with RPC based on typical imaging findings reported by specialty radiologists, 4,9 366 patients with a follow-up duration of at least 6 months were analyzed. As an exclusion criterion, primary sclerosing cholangitis (PSC) was diagnosed based on laboratory findings and specific imaging findings, such as diffuse IHD strictures in combination with colonoscopic findings suggestive of ulcerative colitis. The diagnosis of CCA, intraductal papillary neoplasms of the bile duct, hepatocellular carcinoma, and desmoid tumor was made by imaging tests, laboratory and/or pathological findings. 10 After exclusion of 35 patients with an initial presentation of CCA, 14 with choledochal cysts, three with PSC, and four with biliary strictures caused by other tumors, a total of 310 patients were enrolled ( Fig. 1 ). This study was approved by Institutional Review Board of the Seoul National University Hospital, Seoul, Korea (IRB number: 1703-046-837). All patients provided written informed consent before any intervention and surgical treatment.
Data analysis and definition of events
At the time of initial enrollment, patient demographics, previous surgical history, imaging findings regarding the distribution of biliary stones, bile duct strictures or dilatation, and liver atrophy were identified. Asymptomatic patients without bile duct stones were followed at regular intervals of 6 to 12 months, and CT and/or US were used as follow-up imaging tools. In patients with a history of bile duct stones or acute cholangitis, complete blood count and liver function tests were conducted at intervals of 3 to 6 months in addition to the imaging examinations. During follow-up, the occurrence of RPC-related complications, including acute cholangitis, liver abscesses, cirrhotic complications, and CCA, were monitored based on the patient's symptoms and findings of physical, imaging and laboratory examinations. The follow-up period was defined as the time from the first diagnosis to the last date of imaging tests covering the liver, gallbladder, and biliary tract.
RPC-related biliary cirrhosis was defined as liver cirrhosis caused by RPC in the absence of viral and/or autoimmune hepatitis. Cirrhotic complications were defined as varices, ascites, and portosystemic encephalopathy related to biliary cirrhosis with portal hypertension. 11 Liver abscesses were diagnosed based on imaging findings of often multiple, peripherally enhanced, and centrally hypoattenuated lesions associated with increased serum inflammatory marker levels. 12 All patients with CCA were diagnosed by pathological confirmation. Surgical treatment included hepatectomy, biliary bypass surgery (choledochojejunostomy and hepaticojejunostomy), choledocholithotomy with T-tube insertion, and liver transplantation. Liver resection was performed in patients with IHD stones together with intrahepatic bile duct strictures and liver atrophy. Biliary bypass surgery was carried out in patients with multiple IHD stones accompanied by extrahepatic bile duct stenosis in the absence of hepatic parenchymal involvement. Liver transplantation was conducted if diffuse involvement of IHD stones, RPCrelated atrophy, and cirrhosis were confirmed. Nonsurgical therapy included endoscopic retrograde cholangiopancreatography with stone removal, endoscopic retrograde biliary drainage, and percutaneous transhepatic cholangioscopic lithotripsy (PTCSL).
Statistical analysis
Continuous variables are presented as the mean±standard deviation, and categorical variables are summarized by frequencies and percentages. The Pearson chi-square test or Fisher exact test was used, where appropriate, for the comparison of categorical data to calculate the statistical significance of differences in the demographic and clinical variables. The CCA-free probability was estimated using the Kaplan-Meier method.
To determine the risk factors for CCA, baseline patient demographics, imaging findings, and complications during follow-up were evaluated. The hazard ratio (HR) for an increased risk of CCA and the 95% confidence interval (CI) were calculated using the Cox proportional hazard regression model. Univariate and multivariate analyses were conducted to assess the association of various factors with the development of CCA. In the multivariate logistic regression analysis, probable risk factors for CCA were evaluated using Akaike Information Criterion-based backward selection. 13 p-values ≤0.05 were considered statistically significant in the final multivariate model. All statistical computations were performed in R version 3.3.3 (The R Foundation for Statistical Computing, Vienna, Austria).
RESULTS
Clinical characteristics of patients
The demographics, baseline imaging findings, and prior surgical history of the patients are summarized in Table 1 . The mean age was 59.1±10.9 years, and 219 patients (70.6%) were women. The initial diagnosis was based on a CT scan in 222 patients (71.6%), US findings in 65 patients (21.0%), and an MRI scan in 23 patients (7.4%). An IHD stone was found in 253 patients (81.6%), and liver atrophy was identified in 185 patients (59.7%). The hepatic lobe most frequently affected by IHD stones and liver atrophy was the left lobe.
IHD dilatation and/or strictures were confirmed in 302 patients (97.4%); in both lobes in 160 patients (51.6%) and in the left lobe in 103 patients (33.2%). A common bile duct (CBD) stone was identified in 122 patients (39.4%) and was accompanied by CBD dilatation and/or strictures in 112 patients (36.1%). The combined number of patients with a gallbladder stone and a previous history of cholecystectomy was 151 (51.9%). Among 20 patients with "too many IHDs", a sign indicative of clonorchiasis, one patient was found to have stool containing Clonorchis sinensis eggs.
Natural course and management during follow-up
The mean follow-up duration was 84.0±64.1 months. During follow-up, acute cholangitis requiring hospitalization occurred in 128 patients (41.3%), and nonsurgical intervention was employed to remove bile duct stones and treat acute cholangitis; 115 patients (37.2%) were treated with endoscopic retrograde cholangiopancreatography with stone removal, 65 patients (21.0%) with endoscopic biliary stent insertion, and 53 patients (17.1%) with PTCSL. Biliary cirrhosis developed in 51 patients (16.5%); Child-Pugh A in 25 (49.0%), Child-Pugh B in 18 (35.2%), and Child-Pugh C in eight (15.7%) patients. Other than biliary cirrhosis, the etiologies were viral hepatitis B (12/21, 57.1%), viral hepatitis C (5/21, 23.8%), alcoholic hepatitis (3/21, 14.3%), and autoimmune hepatitis (1/21, 4.8%). Among patients with biliary cirrhosis, portal hypertensive complications including varices, ascites, and portosystemic encephalopathy occurred in 30 patients (58.8%). Table 2 summarizes the clinical course and management during follow-up.
Overall, CCA occurred in 23 patients (7.4%), and the median duration from first diagnosis to CCA development was 49.9 months (interquartile range, 43.0 to 106.9 months). Of these, six patients (26.1%) were eligible for curative resection. In 17 patients (73.9%) who were diagnosed at an advanced stage, nine patients underwent conventional chemotherapy. The mean carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9 (CA 19-9) levels at the time of CCA diagnosis were 10.7±15.6 ng/mL and 3,420.2±7,858.0 U/mL, respectively. The cumulative incidences of acute cholangitis, liver abscesses, cirrhotic complications and CCA are illustrated in Fig. 2 .
Hepatectomy was the most frequently implemented surgical method, followed by biliary bypass surgery, choledocholithotomy with T-tube insertion, and liver transplantation ( Table  2) . Among 34 patients with bilateral IHD stones, only 14 patients (41.2%) remained stone-free after surgery; 18 patients (52.9%) were treated with left hepatic resection, five patients (14.7%) with right hepatic resection, two patients (5.9%) with bilateral resection, two patients (5.9%) with liver transplantation, and seven patients (20.6%) with choledocholithotomy and T-tube insertion.
The complete resolution rate of hepatectomy, biliary bypass surgery, and choledocholithotomy with T-tube insertion reached 82.3%, 55.2%, and 42.1%, respectively. The median follow-up duration after complete resolution was 46.5 months (interquartile range, 21.6 to 76.7 months). None of the patients who maintained complete resolution by the last follow-up day developed CCA. Of the 43 patients with stone recurrence during follow-up, final resolution was achieved in seven patients; four patients by PTCSL, one by additional hepatectomy, one by biliary bypass surgery, and one by choledocholithotomy with T-tube insertion. CCA did not occur in patients who achieved final resolution, while three of the 40 patients (7.5%) with stone recurrence developed CCA. Meanwhile, in 18 patients with residual stones after surgical therapy, three patients achieved final resolution by PTCSL, and none of them developed CCA. Among 15 patients with persistent residual stones, two patients (13.3%) developed CCA. There was no significant difference in the CCA incidence between patients with stone recurrence after resolution and patients with persistent residual stones (p=0.886).
Risk factors for CCA
Except for patients who underwent radical hepatectomy within 6 months after initial diagnosis, the baseline demographics, imaging findings, and clinical data of 234 patients were analyzed to identify factors associated with CCA (Table 3 ). In 22 patients with CCA, the tumor was most commonly located in a left lobe in 10 patients (47.8%), followed by the right lobe in eight patients (34.8%), both lobes in three patients (13.0%), and the mid-CBD in one patient (4.3%).
All patients who had CCA in both lobes also exhibited leftsided atrophy, whereas 10 patients with left-sided CCA showed variations in atrophy; seven (70.0%) showed atrophy on the left, one (10.0%) showed atrophy on the right, one (10.0%) showed atrophy on both sides, and one did not show liver atrophy. Among eight patients with right-sided CCA, atrophy was located in both lobes in four patients (50%), in the right lobe in three patients (37.5%), and in the left lobe in one patient (12.5%). The patients with mid-CBD cancer experienced recurrent episodes of cholangitis due to the stricture of the involved site. In total, 21 patients developed intrahepatic CCA, with a total of 24 liver lobes containing CCA. Of these, 16 lobes (66.7%) were affected by liver atrophy, whereas CCA developed in eight lobes (33.3%) without atrophy (p=0.023).
In the multivariate analysis, bilateral atrophy significantly increased the risk of CCA (HR, 4.56; 95% CI, 1.48 to 14.09; p=0.008), while bilateral IHD stones and biliary cirrhosis were not associated with CCA development (HR, 2.03; 95% CI, 0.86 to 4.79; p=0.106 and HR, 0.82; 95% CI, 0.26 to 2.52; p=0.724, respectively). In the subgroup analysis of patients with initial liver atrophy, the association of concomitant IHD stones and bile duct strictures or dilatation with the CCA-free probability was evaluated (Fig. 3) . The log-rank test showed that IHD stones accompanied by atrophy had a tendency to increase the risk of CCA development, but this increase was not statistically significant (p=0.189).
DISCUSSION
The main purpose of this research was to examine the natural course of RPC and identify risk factors for CCA. In this study, acute cholangitis requiring hospitalization occurred in 41.3% of the patients, and chronic complications included liver abscesses, biliary cirrhosis, and CCA in 19.4%, 9.7%, and 7.4% of the patients, respectively. In particular, the risk of CCA increased in patients with liver atrophy, and the tumors were located mainly in atrophied lobes. Among surgical methods, hepatectomy was most commonly implemented, and CCA did not occur in patients who maintained complete remission after surgery. Although the occurrence of RPC is declining, 14 RPC has clinical importance in that it is diagnosed at a relatively young age and is often accompanied by chronic complications. Periductal inflammation induces portal thrombosis, resulting in progressive liver atrophy, which may lead to a cirrhotic appearance of the liver. 5, 15 It is generally known that the risk of CCA is increased in RPC patients. 4, 16, 17 The incidence of acute cholangitis in patients with RPC rang- es from 40% to 100%, which coincides well with this study. 4, 7, 17 Likewise, the incidence of liver abscesses in this study is similar to that in a previous study. 9 As cholangitis and liver abscesses often lead to life-threatening complications, such as septic shock, urgent intervention and antibiotic treatment are essential. 18 The incidence rate of biliary cirrhosis in this study was relatively high compared with that in a previous study, which showed a 6.0% incidence rate for biliary cirrhosis during follow-up. 12 This difference may be due to differences in the length of the follow-up duration. In our study, among patients who developed biliary cirrhosis, more than half of the patients showed moderate to severe liver function compromise (either Child-Pugh class B or C). Since progressive cirrhosis may lead to liver failure and eventually death, it is important to observe RPC patients closely with periodic examinations to determine whether there are clinical findings suggestive of cirrhosis or acute inflammatory complications. Liver cirrhosis is known as an important risk factor for CCA. In our study, however, the final multivariate analysis revealed only bilateral atrophy to be related to an increased risk of CCA. This inconsistency may stem from the different inclusion criteria; previous studies have mainly included patients with cirrhosis caused by viral or alcoholic hepatitis other than biliary cirrhosis. 19, 20 A recent study based on the pathological findings of RPC patients showed that hepatic parenchyma outside the atrophic area was relatively normal in RPC-related biliary cirrhosis unlike in liver cirrhosis due to other causes; the patterns of ductal reaction and cholestasis were also different. 21 The destruction and fibrosis of the hepatic parenchyma due to RPC-related atrophy rather than secondary cirrhotic change with portal hypertension seem to be related to the occurrence of CCA. Kim et al. 22 have reported that 88% of CCA tumors are predominantly located in atrophied liver in patients with RPC. The results of our study are generally in accordance with those of this investigation, and CCA did not occur in patients who underwent surgical treatment and maintained complete remission, which suggests that periodic surveillance and early intervention are essential in high-risk patients. However, there are difficulties in treating patients with bilateral atrophy, and definitive treatment guidelines for such cases do not exist. 23 Yang et al. 24 have
reported that bilateral hepatectomy and left-sided hepatectomy with concomitant PTCSL for right-side IHD stones are effective for reducing the long-term stone recurrence rate. However, if accompanied by extensive liver atrophy, optimal management remains very difficult and challenging. To decrease perioperative complications and improve long-term outcomes, a tailored approach predicting the remaining liver volume and liver function is necessary. In this study, the diagnosis of RPC was based on characteristic imaging findings, including IHD dilatation with decreased branching and abrupt tapering, stenosis or stricture of peripheral ducts, and centrally located segmental ductal strictures with or without bile duct stones. 9 The inclusion criteria in this study differ from other studies that included clinical symptoms for the scope of the diagnosis. 6, 8, 10 On the other hand, several studies have used primary hepatolithiasis and RPC interchangeably. 3, 4, 21 There have been dissimilarities in the definition of RPC in previous studies regarding the presence of IHD stones or typical symptoms indicating cholangitis. 4, 7, 10, 25 Collectively, the diagnostic criteria for RPC are heterogeneous, and standard diagnostic criteria have not yet been established. Meanwhile, a recent study comparing the pathological findings of Asian RPC patients with those of Western patients with a benign biliary stricture concluded that the pathological findings of both diseases are almost identical, 21 suggesting that the diagnostic spectrum of RPC may overlap with that of a benign biliary stricture. Conclusively, the diagnostic range and nomenclature for RPC should be discussed actively, and efforts to clarify the pathogenesis of RPC are needed. This study has limitations in terms of its single-center retro- spective design. Since there are no standardized routine tests for the initial diagnosis or follow-up protocols for RPC, baseline etiological evaluations, including for clonorchiasis, a well-known risk factor for RPC, were not performed uniformly. In addition, patients were followed at different time intervals and underwent examination with different imaging modalities, which may present differences in the sensitivity of detecting RPC-related complications. Second, the sample size of CCA patients was relatively small to perform an adequately powered analysis, which can lead to statistical biases. Third, since there was no validation group in this study, our findings need to be validated further in a larger independent cohort of patients with RPC. Nevertheless, this study is the first to elucidate the natural course of RPC and evaluate factors associated with CCA based on long-term follow-up data.
In conclusion, RPC is a progressive disease with several chronic complications, including acute cholangitis, liver abscesses, biliary cirrhosis, and CCA. Active surgical measures should be implemented in patients with high-risk factors, such as liver atrophy, to prevent CCA.
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